paired in neuroleptic-naïve FE schizophrenia patients, whereas set-shifting abilities as measured with the IDED task seem to be intact at illness onset. Since chronic schizophrenia patients have been shown to have impaired IDED performance, we tentatively propose that IDED performance deteriorates over time with illness chronicity and/or medication.
Introduction
Cognitive impairment seems to be a core feature of schizophrenia. For instance, sustained attention, planning and attentional set-shifting belong to the core deficits as defined by MATRICS (Measurement and Treatment Research to Improve Cognition in Schizophrenia [1] ). Importantly, sustained attention as well as problem solving are crucial for everyday functioning [2] , and are said to be predictive of patients' functional outcomes [3] [4] [5] [6] [7] .
Neuropsychological tests from the Cambridge Neuropsychological Test Automated Battery (CANTAB) allow a detailed examination of these cognitive functions, as this battery parses the individual's test performance into fundamental cognitive processes [8] that are linked to partially known neuroanatomical substrates [9] [10] [11] [12] . Therefore, in the present study, we particularly focused on the CANTAB tests of sustained attention (Rapid Vi-sual Information Processing task; RVIP), planning (Stockings of Cambridge task; SOC), and attention shifting (Intradimensional/Extradimensional set-shifting task; IDED). These 3 cognitive tasks have already been investigated in chronic schizophrenia and medicated first-episode (FE) schizophrenic patients. Poor performance on the RVIP has been revealed in chronic schizophrenia [13] , and in 11 medicated patients in the prodromal phase [14] . However, the small sample size, poor psychopathological characterization, and the comparison with a normative database of healthy volunteers are the constraints of the latter study. Impaired performance on the SOC in terms of fewer perfect solutions and abnormal thinking times has been found in chronic [12, 15, 16] as well as in medicated FE schizophrenia patients [8, 17] . In addition, whereas chronic schizophrenia patients have been shown to be strongly impaired on the IDED [18, 19] -thought to measure rule acquisition and flexibility of attention [20] -medicated FE schizophrenia patients were relatively unimpaired on all IDED measures except one [8, 17] . Significantly more medicated FE patients than controls failed at the extradimensional (ED) stage, where subjects need to switch attention from a previously reinforced dimension to a newly reinforced dimension.
Whether or not impairments in these cognitive functions are already evident in neuroleptic-naïve FE schizophrenia patients has not yet been established. Such a sample of patients is crucial to exclude potentially confounding effects of illness chronicity and long-term medication. Especially in the case of IDED performance, it seems possible that deficits might only emerge with illness progression. Thus, we hypothesized that neuroleptic-naïve FE patients would demonstrate a significantly worse sensitivity index (A ) on the RVIP and would solve fewer SOC problems with minimum moves than healthy controls. Moreover, we hypothesized that significantly more patients than healthy controls would fail at the crucial ED stage of the IDED. Additionally, we descriptively analysed -for the first time to the best of our knowledgewhether IDED performance changes after the first 2 months of illness progression and medication.
Materials and Methods
Participants Thirty-eight FE schizophrenia patients were recruited. The diagnosis schizophrenic, schizophreniform, or schizoaffective disorder (according to ICD-10 and DSM-IV diagnostic criteria) was based on DIA-X, a structured clinical interview [21] . Nine patients with past or current antipsychotic medication were excluded. Thus, 29 neuroleptic-naïve FE schizophrenia patients were included in the final analyses. The Positive and Negative Syndrome Scale (PANSS; [24] ) was used to assess the patients psychopathologically. Recruitment took place between January 2000 and December 2003 at the Psychiatric Services of Aargau or via outpatient psychiatrists in the canton of Aargau, Switzerland.
Thirty-three healthy controls were recruited through advertisements, and screened according to DSM-IV and ICD-10 using the computerized DIA-X interview [21] . Exclusion criteria were any psychiatric treatments, a personal mental disorder, and mental disorders in first-degree relatives.
Exclusion criteria for both groups were a neurological disease, head injury, and substance dependence (except for nicotine and cannabis consumption). Please refer to table 1 for more demographic and psychopathological characteristics. The study was approved by the ethics committee of the canton of Aargau, and all participants gave their written informed consent.
Neuropsychological Assessment
Both groups performed the RVIP, SOC, and IDED of the CANTAB.
Rapid Visual Information Processing White numbers from 2 to 9 appear in a pseudo-random order inside a white frame in the center of the black computer screen. Each number is presented for 600 ms without an interstimulus interval between successive numbers. For approximately 3 min, subjects have to detect 3 target sequences (2-4-6, 3-5-7 and 4-6-8) and respond (within 1,800 ms after the onset of the last number) using a press pad when they see the last number (6, 7 and 8, respectively). Sixteen target sequences occur every 2 min. The subjects were instructed to detect as many target sequences (27 in total) as possible.
We analysed the sensitivity, which is composed of the probability of hits and false alarms (FA), the number of hits and FA, the mean latency, as well as the response criterion (B ) reflecting the individual's response tendency.
Stockings of Cambridge
The SOC requires subjects to plan and execute a series of 'think ahead' problems. Two displays consisting of 3 stockings each are shown on a computer touch screen. Three balls are distributed in both the upper and the lower stocking displays. The placement of the balls in the upper display is the template for the lower display. Thus, the subjects are requested to move the balls in the lower display until the 3 balls are located at the same places as indicated in the upper display. Before moving the balls, the subjects are asked to plan their moves ahead and to use as few moves as possible in order to copy the upper display. After this initial thinking time, subjects start moving the balls. Initially, 2 moves are needed to copy the upper display, thereafter, difficulty is increased stepwise up to 5 moves. In total, 12 planning problems are presented.
We analysed the number of problems solved within the minimum moves (perfectly solved problems), the number of mean moves needed to solve a problem, the initial thinking time (time needed to plan the problem before the first move), and the subsequent thinking time (time needed from the first move to the last move).
Intradimensional/Extradimensional Set-Shifting Two dimensions, namely purple shapes and white lines, are used in this touch screen computer test. Simple stimuli are either shapes or lines, whereas compound stimuli consist of shapes and lines. The test comprises 9 stages with increasing difficulty. Initially, subjects only have to attend to different simple and compound stimuli within the shape dimension, e.g. 2 different shapes are presented either without lines (simple stimulus) or with lines (compound stimulus), and the subject has to switch attention only between these 2 shapes, the lines are irrelevant; these are the intradimensional shifts. In the last and crucial step, subjects are required to shift attention to the previously irrelevant line dimension (extradimensional shifts; EDS). The participant is instructed that he/she has to learn rules throughout the test by discovering which one of 2 presented stimuli is correct. Moreover, the subject knows that when a rule is changed, he/she has to think of a different rule in order to go on doing well.
We analysed the number of participants who completed all stages, the errors up to the extradimensional shift (pre-ED errors), the errors at the extradimensional shift (ED errors), and the total errors adjusted. The latter is a measure of the subject's efficiency in attempting the test, correcting for the fact (i.e. adding 25 to the subject's errors that accumulated up until then) that subjects failing at any stage of the test have less opportunity to make errors.
In order to shed more light on the course of IDED performance, this task was additionally administered to 7 patients and 16 healthy controls approximately 2 months after their first IDED performance. At this time, the 7 patients had been treated with atypical antipsychotics for 71 8 15.4 days (SD) on average.
Other detailed explanations and illustrations of these CAN-TAB tests can be found in the literature [8, 12, 17, 29, 19] and at www.cantabeclipse.com.
Vocabulary Test
The MWT (Mehrfachwahl-Wortschatz Test or Multiple Choice Vocabulary Test [30] ) was used to analyse the participants' pre-morbid verbal IQ. This vocabulary test consists of 37 rows with 5 words each, and the participant has to underline the correct word in each row ( table 1 ) .
Statistical Analyses SPSS 15 statistical software was used to analyse the data. All data were evaluated for normality of distribution using the Kolmogorov-Smirnov test, parameters for skewness and kurtosis, as well as Q-Q plots. RVIP A , SOC problems solved with minimum moves, and the number of participants completing all stages on the IDED were analysed in a hypothesis-driven manner. The remaining data were analysed descriptively. 1 Controls and patients were matched for age, gender, and nicotine consumption, as nicotine has been shown to influence cognitive performance [22] . However, the groups differed concerning MWT points (n = 26 patients; n = 29 healthy controls), years of education and level of education. The finding of a significant difference in verbal IQ (MWT) between the 2 groups is in line with Jazbec et al. [18] and Birkett et al. [23] . Moreover, several studies have shown that individuals who will suffer from schizophrenia in the future can undergo deterioration in IQ during early adulthood [24, 25] and that children who develop schizophrenia in adulthood are half as likely as controls to proceed to high school [26] .
Normally distributed data were analysed using univariate ANCOVAs, including the level of education as a covariate (RVIP A and SOC problems solved with minimum moves), or Student's t test (age) to assess group differences.
Non-normally distributed data were analysed using the MannWhitney U test (RVIP FA, RVIP response criterion B , SOC with 4 mean moves, SOC with 5 mean moves). Data that became normally distributed by rank transformation were analysed using either univariate ANCOVAs (RVIP hits, RVIP mean latency, IDED pre-ED errors, IDED ED errors, and IDED total errors adjusted) or ANCOVAs repeated-measures (SOC initial and subsequent thinking time) with the level of education as a covariate. Dichotomous distributed data were analysed using the 2 test. Correlations between RVIP A and PANSS or SOC problems solved in minimum moves and PANSS (negative, positive and general psychopathology score) were calculated using Spearman correlations.
The effect sizes ( 2 ) for significant results were calculated, and 2-tailed p values are reported throughout.
Results
Means 8 SD and the number of participants for each measure of the 3 tasks are given in table 2 . showing that the faster the participant, the higher A .
Rapid Visual Information Processing

Stockings of Cambridge
As predicted, we found that the patients solved fewer SOC problems perfectly than the healthy participants 
Intradimensional/Extradimensional Set-Shifting
The participants either completed all 9 stages or failed at the ED stage (1 patient completed 8 of 9 stages, and was hence excluded from the 2 test ). The 2 test then revealed a trend that fewer patients than controls completed all 9 stages [ 2 = 3.3, p ! 0.07] ( fig. 1 ) The pre-ED errors, the ED errors, and the total errors adjusted were analysed in an exploratory manner. We did not find a group difference in the pre-ED errors [F(2, 58) = 0.1, p = n.s.] or ED errors [F(2, 58) = 2.9, p = n.s.], but a trend for more total errors adjusted in the patient group [F(2, 58) = 3.8, p = 0.056]. The education effect was not significant in any of the 3 analyses.
Further analyses with 7 patients and 16 controls who were re-measured a second time after 65.8 8 10.8 days on average after the 'baseline' testing (the patients were medicated for 71 8 15.4 days on average) were then carried out. At this time, the 7 patients were medicated with risperidone (n = 2: 1 and 4 g/day), quetiapine (n = 3: 200, 400, and 600 mg/day), amisulpride (n = 1: 400 mg/day) or olanzapine (n = 1: 5 mg/day). Significantly fewer patients completed all stages at the second testing when compared to the controls [ 2 = 11.1, p ! 0.01], whereas the same effect was not evident at baseline with the same individuals 
Correlations between PANSS and Cognitive Measures
Correlations between RVIP A or SOC problems solved with minimum moves with negative or positive symptoms of the PANSS were all not significant. 
Discussion
The present study investigated cognitive performance in neuroleptic-naïve FE schizophrenia patients on the RVIP, SOC, and IDED tests from the CANTAB battery. The results show that sustained attention and planning are indeed impaired in neuroleptic-naïve FE schizophrenia patients, just as reported in chronic schizophrenia patients [12, 13, 15] . In contrast, attentional set-shifting, which has also been shown to be impaired in chronic schizophrenia patients [18, 19] , seems to be intact at the onset of the illness.
The finding of impaired sustained attention (RVIP) in neuroleptic-naïve FE schizophrenia patients is in accordance with findings in chronic schizophrenia patients [13] and patients in the prodromal phase [14] . The present RVIP data corroborate other studies suggesting that sustained attention, as measured with various continuous performance tasks (CPT), is impaired in schizophrenia patients at all stages of the illness [23, [31] [32] [33] . It should be noted, however, that the RVIP and most continuous performance tasks depend upon not only sustained attention, but also additional capacities such as working memory (WM). Poor performance on the RVIP could therefore be explained by problems with context information in WM and/or slowing of information processing. Referring to the first issue, context information in the case of the RVIP could be task-relevant information that consists of the 3 target sequences and their behavioral rules. This RVIP-specific contextual information must be updated by incoming numbers, could control performance, and would be required for a motor response [31, 34] . We therefore propose that impairments in maintaining and rapidly updating these rules, as well as problems in rapidly screening numbers, could account for RVIP problems . Referring to the second issue, Elvevag and Goldberg [35] and Elvevag et al. [36] suggested that schizophrenia patients may not be able to process information with a high moment-to-moment demand. Similarly, Townsend et al. [37] proposed that schizophrenia patients could suffer from a general slowing of processing speed. Our findings of comparable reaction times as well as the negative correlation between reaction times and sensitivity in patients and controls, however, do not support these suggestions. This latter result shows that participants who can process information more quickly than others are more efficient in detecting target sequences or ignoring irrelevant numbers. Such rapid processing might be beneficial for task performance, as these individuals might be better able to remain on task and less likely to overlook target sequences.
On the SOC, the FE patients produced fewer perfect solutions and required significantly more moves in the 4-and 5-move conditions to solve a problem than controls. These observations are in accordance with findings in medicated FE [8, 17, 38, 39] and chronic schizophrenia [12, 15, 16] patients. Thus, planning disturbances already exist at the onset and continue throughout the illness. Moreover, the patients had comparable initial thinking times but slower subsequent thinking times than the controls. Such a pattern of poor performance could be due to insufficient planning ahead and/or impaired WM. First, good performance on the SOC requires that the subject plan ahead. Schizophrenia patients have been said to attempt to solve problems without adequate forethought because the patients exhibited faster initial thinking times than controls [17, 19] . However, we found comparable initial thinking times, suggesting that our patients planned better than medicated FE patients. Nevertheless, the lack of a negative correlation between the initial thinking time and the mean moves for the 5-move condition -evident in our control group but not in our patient group -might reflect a subtle problem in planning ahead. Moreover, as both groups had fewer mean moves when they thought longer during the execution of the 5-move problem, we suggest that the patients planned better during the execution of the moves (i.e. subsequent thinking time) than before the execution of the moves. Second, impaired WM might account for SOC problems, insofar as prolonged subsequent thinking times as well as elevated mean moves might be due to slowed information processing in WM. Indeed, Huddy et al. [39] found that the FE patients' impaired planning on the SOC was due to increased duration of gaze periods. Hence, they proposed that a slowing of information processing in WM could render perceptual representation vulnerable to interference and result in more errors while executing the moves. In the 4-and 5-move conditions in particular, patients might be confronted with a loss of their plan, and therefore have to spend extra time searching for a solution [19] . On the IDED task, the ED stage, where subjects must switch attention between 2 dimensions, is a critical step. Indeed, the participants who did not complete all 9 stages, all failed (with 1 exception) at this crucial ED stage. However there was only a trend that significantly more patients than controls did not complete all stages. Hutton et al. [8] and Joyce et al. [17] , in contrast, reported that significantly more medicated FE patients failed the task. The results of this measure should be interpreted cautiously as the controls' performance varies strongly between studies, and is therefore thought to influence the outcome of group comparisons. For instance, whereas 55% of our patients compared to 79% of the healthy volunteers accomplished the whole task, Hutton et al. [8] reported that 75% of medicated FE schizophrenia patients vs. 100% of the controls completed the IDED. The number of errors made at the ED stage is a critical measure of attentional set-shifting ability [29] . However, our neuroleptic-naïve FE patients did not make more ED errors, which is consistent with findings by Hutton et al. [8] and Joyce et al. [17] . We therefore propose that our patients do not have substantial problems in shifting attention between 2 dimensions (ED stage). Moreover, they are also able to shift attention within (pre-ED stages) a dimension, since they did not have more pre-ED errors. Despite these findings, our patients tended to make more total errors than the controls, which might nevertheless reflect slight difficulties in adjusting to new stimuli throughout the test. Thus, we did not find any IDED measure that revealed a significant group difference between healthy controls and neuroleptic-naïve FE patients.
Since chronic schizophrenia patients are considerably impaired on many of the previously mentioned IDED measures [18, 19, 40, 41] , whereas medicated FE patients [8, 17] and siblings of schizophrenia patients [41] are said to be relatively unimpaired, it seems that IDED impairments develop over time as a consequence of chronicity and/or medication. In fact, our exploratory analyses including 7 patients and 16 controls who were re-tested a second time, points towards a deterioration in IDED performance regarding the number of participants completing all stages and the total errors adjusted. These results however need to be interpreted cautiously due to the small sample size.
The strengths of this study are a relatively large group of neuroleptic-naïve FE schizophrenia patients, the use of automated tests minimizing problems with accuracy and consistency of administration, and the matching for nicotine consumption. The main limitation of the study is that the control and patient group differed significantly in the level of education and pre-morbid verbal IQ.
Taken together, cognitive deficits in sustained attention and planning already seem to be present at early stages of schizophrenia independently of chronicity and medication, whereas patients' set-shifting ability on the IDED is intact. An intact functioning of WM (encoding, maintaining, and manipulating of information), which was also shown to be impaired in schizophrenia patients, might be more crucial for SOC and RVIP performance than for IDED performance. This in turn could be a reason that IDED seems to be intact at illness onset. Moreover, we tentatively propose that deficits in set-shifting performance appear to emerge in association with illness chronicity and/or medication. The course of cognitive performance in these tasks needs to be thoroughly investigated in a follow-up study with schizophrenic patients before and after some months or years of medication. The findings may have some relevance for the development of novel treatments, in particular they indicate that procognitive medications should be developed for improving attentional and planning performance.
